The adsorptive removal of tetrachloroethylene (perchloroethylene: PCE), one of the contaminants of groundwater, onto activated carbon fibers(ACFs) in liquid phase was experimentally examined.
Introduction
The contamination of groundwater by trichloroethylene (TCE) , tetrachloroethylene (perchloroethylene: PCE) and 1, 1, 1-trichloroethane (methylchloroform: MC) has been observed in Japan as well as in the United States (Nakamuro, 1986; Westrich et al, 1984) , Large quantities of these substances have been used as solvents to clean fine products in many and various industries, for example electric hi-tech industry and dry cleaning firm, and the production amount of PCE which is used in dry cleaning firm has been increasing in Japan (Hirata, 1988 ).
These substances not only spoil the taste of groundwater as drinking water but also TCE and PCE are suspected to be carcinogeneous for man since they induce liver cancer in mice (Nakamuro, 1986) . The groundwater contamination has been a serious environmental problem, especially in urban areas which depend on their source of water supply from groundwater.
In this study, we investigated the adsorption removal of PCE in liquid phase using 6 kinds of activated carbon fibers (ACFs) which are new types of high-functional activated carbons as a method of groundwater treatment, and elucidated the dominant properties of ACF for the removal of PCE. Experiments 1. Materials ACF A-10, A-15 and A-20 were supplied from Osaka Gas Co., Ltd. and TL-10, TL-15 and TL-20 were obtained from Nippon Carbon Co., Ltd. were used. Granular activated carbon (GAC: as prepared 32-48mesh) obtained from Wako Pure Chemical Ind., Ltd. was also used for the comparison with 6 kinds of ACFs. The standard solution of PCE for water analysis ( 1 mg / ml in methanol, Wako Pure Chemical Ind., Ltd. ) was used to adjust PCE concentrations in water.
2. Methods 2.1. Procedure for adsorption of PCE -8mg of ACF or 20mg of GAC was precisely weighed and set in brown vials of 50m1 in volume. 40m1 of redistilled-purified water was added into the vials, and constant volume of PCE standard solution was added to adjust the initial concentration of PCE in water. Immediately, the vials were sealed up with teflon sheet, butyl-gum septum and aluminum seal. Then the vials were maintained at 20±0.2 t for 48 hours.
2.2. Measurement of the amount of PCE adsorbed -The equilibrium concentrations of PCE were measured by the head space method using a gas chromatograph equipped with ECD (Electron Capture Detector: Hitachi Gas Chromatograph 263-30) . The glass column used was 3 m in length and 3 mm in diameter, packed with Silicone DC-550 on Chromosorb WAW-DMCS. Super high purity nitrogen gas (99.999 % ) was used as carrier and flow rate was50ml / min. Temperature of injection, column oven and detector were 250, 70 and 250t , respectively.
2.3. Measurements of physicochemical properties of activated carbon ••• The specific surface area and the pore volume of activated carbon samples were measured with a B.E.T. (Brunauer. Emmett. Teller. ) apparatus by using super high purity nitrogen gas at its boiling temperature ( -196°C) (Brunauer et al, 1938; Dollimore & Heal, 1964) .
The surface pH was measured according to the method reported by Urano et al (1976) as follows; 500mg of ACF or 1.0g of GAC was weighed in a flask and 100m1 of pure water was added. Then it was boiled for 5 minutes. After cooling, the suspension was filtered and the pH of the filtrate was measured with a pH meter (Denki Kagaku Keiki Co., Ltd. COM-20R) .
The acid consumption and the base consumption of activated carbon were measured according to the method by Okazaki and Toyoda (1970) . 25mg of ACF or GAC was precisely weighed and set in a flask. 50m1 of 0.01N sodium hydroxide solution was added, and then the flask was shaken during 24 hours. After filtering the suspension, the filtrate was titrated with 0.01N hydrochloric acid solution (phenolphthalein was used as indicator ) , and the base consumption per 1 g of ACF or GAC (mEq / g) was calculated. Similarly, the acid consumption (mEq / g) was calculated.
2.4. Measurement of the amount of PCE and water adsorbed in gaseous phase •••The amount of PCE adsorbed in gaseous phase was measured as follows; 100mg of ACF or 300mg of GAC was precisely.
weighed in a weighing bottle. It was placed in a desiccator containing PCE (99.0%) . Then the desiccator was placed in an incubator whose temperature was adjusted to be 20 ± 0.1t for 48 hours, and the weight increase of ACF or GAC was calculated.
The amount of water adsorbed was measured as follows; 100mg of ACF or 300mg of GAC was precisely weighed in a weighing bottle. And it was placed in a decompressed desiccator containing saturated saline solution. After decompression with an aspirator for 5 minutes, the desiccator was placed in an incubator whose temperature was adjusted to be 20 ± 0.1°C for a week, and the weight increase of ACF or GAC was calculated.
Results and Discussion In Figure 2 , the amounts of PCE adsorbed increased linearly against the equilibrium concentrations on log-log scale. The adsorption isotherms of PCE onto ACFs and GAC were of Freundlich type as following; Log V = 1 / n Log C + Log k where V is the amount adsorbed, C is the equilibrium concentrarion, 1 / n and k are constants. At each equilibrium concentration, the amount of PCE adsorbed onto TL-10 was the largest among all activated carbons. The amounts of PCE adsorbed at 10 pg/ 1 (Provisional criterion for the quality of drinking water in Japan) , 100 ,ttg/ 1 (Criterion for draining in Japan) , 1,000 pg/ 1 calculated from the regression lines shown in Figure 2 and the Freundlich constants were listed in Table 1 .
ACFs of TL-type were effective by used in removing PCE compared to those of A-type, and the amounts adsorbed in both types were in the order of their grade number 10, 15 and 20, respectively. 2. Physicochemical Properties of ACF ••• To clarify the dominant factor effective on the amount of PCE adsorbed onto ACF, physicochemical properties of activated carbon samples were measured. These values were listed in Table 2 .
ACFs were activated to high degree according to their grade numbers, therefore, ACF with larger grade number has larger value both in specific surface area and pore volume. ACFs used in this study also showed the similar tendency, that is, their specific surface area and pore volume became larger with increasing their grade numbers.
The specific surface area and the pore volume (less than 100A in radius) of ACFs were larger than that of GAC. In particular, the values of specific surface area and pore volume of A-20 were approximately twice as large as those of GAC, however, significant difference in micropore volume (less than 20A in radius) between ACFs and GAC was not found. The base consumption was larger than the acid consumption except the case of TL-20.
The surface pH of ACFs and GAC were almost neutral.
The amounts of PCE and water adsorbed onto ACF and GAC in gaseous phase were listed in Table   3 properties of ACF and the amount of PCE adsorbed onto ACF were calculated with a least square analysis, and the results were listed in Table 4 . Sakoda et al (1987) reported that the amounts of TCE and PCE adsorbed onto 4 kinds of ACFs in liquid phase were inversely proportional to the specific surface area or the pore volume. They also reported that the adsorption of TCE and PCE onto ACF was pore filling.
In this study, we obtained similar results. TL- or the pore volume (Puri et al, 1976; Giusti et al, 1974) . In this study, however, the amount of PCE adsorbed in liquid phase was not dominated by physical and chemical properties of ACF, but it was inversely proportional to the specific surface area or the pore volume. The correlation coefficients between the amount of PCE adsorbed in liquid phase and the amount of PCE or water adsorbed in gaseous phase were listed in Table 5 . It is suggested that the amount of water adsorbed onto ACF is one of the dominant factors of adsorption of PCE in liquid phase.
